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Sports scheduling problems are interesting optimization problems that require
the decision of who play with whom, where and when to play. In this work, we
study the sports scheduling problem faced by the Turkish Football Federation.
Given the schedule of games for each round of the season, the problem is to
determine the match days with the goal of having a fair schedule for each team.
The criteria we employ to establish this fairness are achieving an equal distri-
bution of match days between the teams throughout the season and the ideal
assignment of games to different days in each round of the tournament. The
problem is formulated as a nonlinear binary integer program and is solved op-
timally for each week. Our results indicate that significant improvements over
the existing schedule can be achieved if the optimal solution is implemented.
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1. Introduction

Due to increasing popularity of sports on the
globe as well as demands of stakeholders such as
teams, players, TV broadcasters, their sponsors
and fans, scheduling sport tournaments has be-
come quite important. In the presence of high
economic stakes, the tournament organizers are
hard-pressed to design a fair schedule that strikes
a reasonable balance in addressing the needs of
all the stakeholders.This is indeed an enormous
task because the objectives of multiple stakehold-
ers are often in conflict and the fixtures have to
be determined subject to a wide variety of con-
straints. Therefore, over the years, sports sched-
uling has turned into a challenging decision prob-
lem that can best be handled by a rigorous appli-
cation of operations research methods.

The main focus of this paper is the scheduling of
the Turkish Super League which is a task under-
taken by the Turkish Football Federation (TFF).

Each year, the TFF officials first finalize the sea-
sonal fixture of the league which regularly in-
cludes 18 teams (although the Federation recently
announced the cancellation of relegation for the
2019-20 season due to the pandemic, which im-
plies that there are 21 participants in the 2020-21
season). To be more specific, they determine who
will play with whom each week. Then, the actual
schedule is determined taking into account other
tournaments organized by UEFA and FIFA (gov-
erning bodies of soccer in Europe and the world,
respectively) as well as the domestic Turkish Cup.
Naturally, each season, number of games played
by any team in the Super League is known with
certainty. On the other hand, UEFA competitions
and the Turkish Cup are single-elimination tour-
naments, so there is uncertainty about the num-
ber of rounds each team will play without getting
knocked out. Therefore, determination of when
league games are played is a dynamic process that
has to take the most recent status of other tourna-
ments into account. With 18 teams in the league,
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the fixture is divided into 34 weeks of play. Unless
there are exceptional circumstances, games of any
week are scheduled from Friday to Monday; i.e.,
four days of the week.

The critical aspect of this procedure is the fix-
ture determination for its supposed influence on
each team’s overall performance. To illustrate,
if a team is scheduled to play two consecutive
games with relatively stronger teams, additional
fatigue may impair the endurance of the players
and cause a significant drop in performance in
the latter match. This negative influence is called
the carryover effect, and its minimization is one
of the many issues that should be addressed in
fixture determination. However, in recent years,
club administrators as well as the technical staff
in Turkey are also increasingly vocal in their crit-
icism on which day of the week their next game in
the fixture is scheduled. It is a widespread belief
in the soccer community that not all days of play
are equally beneficial. Their criticisms are cen-
tered around two main arguments: first economic,
second performance related. Both arguments are
parallel in claiming that scheduled matches on
Fridays and Mondays are less favorable. Those
that raise the economic concerns complain about
the loss of revenues for the reduced attendance
of spectators on the weekdays (see for instance
[1], [2], [3], [4]) whereas the performance concerns
are largely centered around unusual loss of points
on weekdays due to various reasons. News on
Beşiktaş´s unexpectedly low performance on Fri-
days in the season 2017−18 after two consecutive
years of league championship (see [5]) and Trab-
zonspor’s loss of points on Fridays in the first half
of 2007 − 2008 (see [6]) are examples of reports
that support this view on reduced performance.
Other examples may be found in [7] and [8].

Given these concerns, the problem is to determine
the day of each game with the objective of hav-
ing a fair distribution among all the participat-
ing clubs. Since the future of other tournaments
affecting the Turkish Super League is uncertain,
any proposed method should be dynamic in na-
ture. The metric of day distribution is also quite
important because it will be the main element of
the method that maintains fairness in the result-
ing schedule. Schedules of other related tourna-
ments, and the rest period requirements add con-
straints to this challenging problem that we for-
mulate as a nonlinear binary integer programming
problem.

In the sections below, we first give an overview of
the related literature. The third section is where
we present the main problem formulation that we
also solve optimally for each round of the season

on the fly. In particular, using the data of the
2018-2019 season, we compare the performance of
the optimal schedule generated by our program
against that obtained manually by the TFF of-
ficials. An extended discussion of the results is
offered in the fourth section. Section 5 concludes.

2. Literature

Constructing schedules for sports competitions
has attracted the attention of academicians in the
last five decades ( [9]). In particular, the liter-
ature for round robin tournaments where every
team has to play every other team a certain num-
ber of times is rich. We provide a short overview
of the literature here, however interested reader
can examine [10], [11] and [12] for extensive sur-
veys on round robin scheduling. Various objec-
tives are utilized for obtaining optimal/near op-
timal schedules for those tournaments. Examples
of those objectives include (but are not limited
to) minimizing rest mismatches ( [13], [14]), min-
imizing breaks ( [15], [16], [17], [18]), minimizing
travel distances ( [19]), and minimizing carry-over
effects ( [20], [21], [22]). Bulk of the literature con-
centrates on addressing a number of these and
other objectives (such as maximizing gate rev-
enue, attendance etc.) simultaneously subject to
constraints that are specific to a particular tour-
nament ( [23], [24], [25], [26], [27], [28]).

Not surprisingly, scheduling of round robin tour-
naments have been handled both through various
types of integer programming formulations and
from the perspective of graph theory. Where the-
oretical formulations fail against the complexity
of the problem, heuristics are employed. First,
we highlight some of the previous applications
of integer programming on fixture determination.
[29] proposed an integer programming formula-
tion for round robin tournaments taking into ac-
count constraints such as not allowing forbidden
games and fairness constraints related to breaks
as well as carryover effects. [30] studied the prob-
lem of scheduling Argentina’s professional basket-
ball leagues, considering the measure of total dis-
tance traveled by the teams. The authors for-
mulated the problem as a variation of the Trav-
eling Tournament Problem. In [9], the current
schedule of the Korea baseball league was ana-
lyzed in the presence of measures such as the total
travel distance of teams and match fairness. The
author proposed an integer programming model
for solving the problem, and developed a heuris-
tic algorithm for handling large-sized problems.
[17] proposed an integer programming formula-
tion for scheduling the professional soccer league
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in Ecuador. The authors also developed a heuris-
tic approach for solving the problem in a rea-
sonable amount of time. [16] addressed the prob-
lem of scheduling the South American qualifiers
to the 2018 FIFA World Cup, proposing an inte-
ger programming formulation for solving it. [20]
studied the problem of minimizing weighted carry
over effects formulating the underlying problem
using integer programming and proposed an effi-
cient heuristic that yields high-quality solutions.
In a recent work, [22] focused on a round robin
scheduling problem with the goal of minimizing
carry over effects in Turkish Super League while
keeping the number of breaks per team below a
certain threshold, and proposed a better schedule
for this league.

Applications of graph theory in round robin tour-
nament scheduling are also widely found. In some
of these applications, we observe the use of the
“circle method” which ensures that each team has
one game in each round and there is no unas-
signed game by the end of the tournament ( [31],
[32]). Graph theoretic studies also include articles
that discuss break minimization for solving round
robin scheduling problems ( [33], [34]). [33] trans-
formed the sports scheduling problem into a max-
imum cut problem. The authors demonstrated
that their method outperforms previous methods
that are based on integer and constraint program-
ming. [34] provided theoretical results for round
robin scheduling problems where the number of
teams is even, making sure that the schedule is
constructed with minimum number of breaks. [35]
addressed football league scheduling problems in
the presence of uncertainty. In their work, the
authors considered several quality measures such
as breaks and canceled matches. They developed
a variety of proactive and reactive approaches for
solving the underlying problem.

Among the objectives that have been used for a
better round robin schedule, minimizing rest mis-
matches distinguishes itself for its natural influ-
ence on determination of matchdays given a fix-
ture. For example, [13] introduced a “Rest Mis-
match Problem” under this objective. The au-
thors tackled the problem using integer and con-
straint programming models that aim to find a
schedule with a minimum number of rest mis-
matches between the opponents, and proposed a
heuristic algorithm that yields a zero-mismatch
schedule in certain cases. In a more recent work,
same authors focused on the problem of determin-
ing matchdays with the objective of minimizing
the total rest difference (which is a slightly differ-
ent objective than the one in the previous paper)
given that the games in each round are known

( [14]). The authors showed that the problem
can be solved by solving each round separately.
We should note that these two papers also have
two common features with this study; first is the
round by round treatment of the entire season
and second is the focus on determination of the
matchday.

As indicated in the introduction, an important
motivation of our paper is the need to determine
the matchdays in the Turkish Super League in the
presence of criticisms regarding the unfair distri-
bution of weekdays throughout the season among
the fixtures of participating teams. One reason
behind this concern is reduced revenues generated
from games scheduled certain days of the week.
The determinants of fan attendance to stadiums
has received most attraction in the sports eco-
nomics literature. Among the determinants that
have been most often reported in empirical stud-
ies are competitive balance, variables that mea-
sure the performance of home team and the away
team, various economic factors, TV broadcasting
(see [36], [37], [38], [39], [40]), and the matchdays.
Regarding the matchdays, [41] examined data
from top European soccer leagues in Germany,
Spain, and France. Their analysis revealed that
all of the examined leagues have a lower atten-
dance in games that are held on “non-frequently
played” days as compared to frequently played
days. In addition, the home advantage that weak
teams have on non-frequent days is significantly
lower than that of stronger teams. The conven-
tional wisdom that weekday matches attract less
attendance than weekend matches is also sup-
ported for the Spanish league in [42]. [43], in a
comparative study across various soccer league di-
visions in England, reported that midweek sched-
uling has more negative impact on attendance in
lower divisions. As far as the impact of TV broad-
casting is concerned, [44] published a study on
English soccer leagues as well that presents ev-
idence for a higher degree of negative influence
of satellite coverage on match attendance during
weekdays rather than weekends.

2.1. Contribution

We study the matchday schedule problem for the
Turkish professional soccer league that has unique
features due to the needs of different stakeholders.
The problem is formulated as a nonlinear binary
integer programming through the use of unique
fairness criteria. Particularly, an equal distribu-
tion of match days between the teams through-
out the season and the ideal assignment of games
to different days in each round of the tourna-
ment are taken into account in our mathematical
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model. We solve the underlying integer program
optimally for each week and demonstrate that the
optimal solution significantly outperforms the ex-
isting schedule generated manually by TFF offi-
cials.

Further, our work differs from the related work
(described in [13] and [14]) in the following as-
pects. First, in both references, authors assign
schedules to matches in the league with the ob-
jective of minimizing rest differences, whereas our
model does not deal with rest difference. Sec-
ond, unlike the solutions of the formulations of
those work, our solution is highly dependent on
the matchday schedules in all the previous rounds.
Finally, there is a strong relation between the de-
composed IP models of such work and the qua-
dratic assignment problem (QAP), whereas the
nature of the objective function of our model does
not lend itself to the application of QAP.

We are now in a position to describe our problem
and its mathematical formulation.

3. Problem description and
mathematical formulation

We first provide brief information about the Turk-
ish professional soccer league.

3.1. Turkish Professional Soccer League

The Turkish Super League (TSL) is the top tier
professional soccer league of Turkey. The league
regularly contains 18 teams that play with their
opponents in both parts of the season, one being
played at their home venue and the other at an op-
ponent’s venue. Such a tournament is called Dou-
ble Round Robin Tournament. Further, teams
earn three points for a win and one point for a
draw, whereas no points are given for a loss.

Teams to take part in international cups are de-
termined by the following rules. Teams ranked
first and second at the end of the season qual-
ify for the UEFA Champions League. The cham-
pion of the Turkish Cup along with teams ranked
third and fourth qualify for the UEFA Europa
League. These rules may be subject to change
because each season the number of teams allowed
to participate is redetermined by UEFA based on
the overall performance of Turkish teams in five
successive years before the season.

Due to the concerns indicated in the introduction,
the administrators of the TSL have been facing
the issue of making sure that games are fairly dis-
tributed. Since it is a quite uncommon practice of
the federation in Turkey to schedule TSL games
to the middle of the week, we will proceed accord-
ing to the assumption that teams play Friday to

Monday. There are a total of nine games in each
round of play. The distribution of matches played
Friday to Monday is mathematically represented
as e−f−g−h where e, f, g, h represent the number
of games played on Friday, Saturday, Sunday and
Monday, respectively. Surely, e + f + g + h = 9.
The days and hourly times of all the games during
a season is scheduled by the officials of the TSL
manually. On top of that, the season contains a
number of rounds for which a matchday schedule
has to be constructed by taking into account the
games of teams attending the Champions League
and the Europa League as well as the games held
for the Turkish Cup from Tuesdays to Thursdays.
Accordingly, a minimum of two consecutive days
without any competitive encounter are inserted in
between back-to-back matches (possibly in differ-
ent tournaments).

Table 1. Rankings of the favorite
teams in different seasons.

Season GS FB BJK MB

2014-2015 1 2 3 4
2015-2016 6 2 1 4
2016-2017 4 3 1 2
2017-2018 1 2 4 3
2018-2019 1 6 3 2

Table 2. Total number of games
the favorite teams played on different
days between 2014 and 2019.

Day GS FB BJK MB

Friday 20 13 18 17
Saturday 72 49 48 60
Sunday 55 76 67 68
Monday 19 29 33 22

Tables 1 and 2 display the rankings and matchday
distributions of the four most successful teams
between 2014 and 2019 ( [45]). These teams
are Galatasaray (GS), Fenerbahçe (FB), Beşiktaş
(BJK), and Medipol Başakşehir (MB). Appar-
ently, the number of games each team plays on
certain days vary significantly (see Table 2). Our
mathematical analysis aims to reduce this vari-
ability for these and other teams in the league.
The mathematical formulation of our problem is
given next.

3.2. Mathematical formulation

Our mathematical formulation is inspired by the
Monden heuristic, which is used for mixed model
assembly line scheduling to minimize the variation
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of the component parts for manufacturing end-
items. This method determines the order of end
items to be assembled which will make the actual
usage rate of components most closely match their
average usage rates ( [46]). In order to choose
which end item to schedule in the next assembly,
all possible options are evaluated by summing the
squared deviations of the actual use rates of the
components. The minimum of the summed val-
ues is selected for the next assembly. The related
equation is given by:

Dki =

√√√√ β∑
j=1

(
K ×Nj

Q
−Xj,k−1 −Bij)2, (1)

where: Dki is the deviation for end item i and or-
der number k; β is the number of variable compo-
nents; K is the number of the sequence for sched-
uling; Nj is the sum of components j required
for the final assembly sequence; Q is the sum of
the end items in the final assembly; Xj,k−1 is the
cumulative number of component j used until se-
quence k − 1; Bij is the number of component j
required to make end item i.

This method ensures that the actual usage for all
components tracks closely to their average usages.
We utilized Eqn. 1 in constructing the mathemat-
ical formulation of our problem. In particular,
we formulate the scheduling problem faced by the
TSL administrators for each round of the season
as a nonlinear binary integer program, to achieve
an equal matchday distribution. Monden heuris-
tic is used for problems in a completely differ-
ent domain, but there is one useful analogy which
we briefly explain here. The concept of Just-in-
time (JIT) manufacturing advocates a schedule in
which multiple products are produced in a mixed
sequence that plans for the same rate of produc-
tion in any reasonable unit of time. This rate is
adjusted based on incoming rate of demand. For
example, consider a production environment with
only three items (i.e., Item 1, Item 2, and Item 3)
to produce. If in a period of 8 hours, 16 units of
Item 1, 24 units of Item 2, and 32 units of Item
3 should be produced, then we schedule produc-
tion of 2, 3, and 4 units per hour of Items 1, 2,
and 3, respectively. In our problem, each team is
analogous to a different product and each round
is analogous to a different period of time where
the rate of games to be played by each team on
any day throughout the season is the same for es-
tablishing fairness. The details of how this works
and the resulting mathematical model are pro-
vided below.

3.2.1. Parameters and decision variables

As mentioned earlier, our model is dynamic in
nature. When it is used to find an equitable dis-
tribution of matchdays among the participating
teams in a given round of play, it seeks to mini-
mize the differences between the total number of
times that each team has made an appearance un-
til that round on any given day. Roughly speak-
ing, when determining the game to be played on a
Friday in any round that includes nine games, the
model first compares the total number of Friday
games that each team has played up to that point
in the season. Then it assigns the teams with a
minimal number of Friday appearances until that
round to the Friday slot as long as other con-
straints are satisfied. In doing so, the model as-
sumes an ideal distribution of matchdays for each
team throughout season that includes 34 games
in total, which is denoted by (s∗, t∗, u∗, v∗) where
numbers s∗ to v∗ represent the total number of
games played from Friday to Monday respectively.
Since there are 34 weeks in any seasonal fixture,
s∗ + t∗ + u∗ + v∗ = 34. For fairness, the ideal
distribution is essentially the same for each team.
Since weekend games are more preferable from the
perspective of all stakeholders, ideal distribution
over 34 rounds should indicate that a greater por-
tion of games for each team to be played over the
weekend. The presence of the ideal distribution
establishes an objective ground for the assignment
of matchdays as equally as possible in the entire
season.

To emphasize, the comparative analysis indicated
in the above paragraph draws an analogy with the
Monden heuristic in the following sense: like we
align the usage of items in production closely with
their average usages, we make sure that the total
number of appearances on any day of the week
by the end of a specific round is as close as possi-
ble to an ideal distribution of matchdays associ-
ated with that round. Accordingly, we calculate
a metric for each team to measure a matchday
count deviation from an ideal and fair distribu-
tion in each round. This deviation metric, Ddr,
d ∈ DS = {Fri, Sat, Sun,Mon}, 1 ≤ r ≤ 34 is
given below:

Ddr =

√√√√ I∑
i=1

(xird +
r−1∑
k=1

xikd − r × ad)2, (2)

where

xird =

1, if team i has a game in
round r on day d,

0 otherwise.
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Here i = 1, . . . , I, r = 1, . . . , R, d ∈ CD =
{Wed, Thu, Fri, Sat, Sun,Mon, Tue}, I = 18
and R = 34, as there are 18 teams. It will later
become clear that xird’s are the decision variables
of our model. Furthermore, ad is the ideal match-
day distribution per team in one round. It is cal-
culated by dividing the ideal number of games
played from Friday to Monday to the number of
rounds as follows:

ad =


s∗

34 , if d = Fri.
t∗

34 , if d = Sat.
u∗

34 , if d = Sun.
v∗

34 , if d = Mon.

Let us now exemplify the use of this metric. Con-
sider a season with 34 rounds in which the ideal
number of games on Saturday is 10. This ideal
number is for the entire season, however, it is also
an anchor to calculate the round-specific ideal for
any round r. For instance, if r = 7, the ideal
count of Saturday games (which is calculated by
the term r × ad in Ddr) is 7 × 10/34 = 2.0588.
Then the value of the matchday decision variable
in round r = 7 for any team i, xi7Sat., is set such
that the total number of Saturday games played
by team i by the end of round r = 7 (which is rep-

resented by the term xird +
∑r−1

k=1 xikd) is as close
to 2.0588 as possible. This is repeated for any
i = 1, . . . , 18, and weighted against the round-
specific deviation metric that we introduce in the
next paragraph. The main motivation is to keep
balance not only by the end of the season, but
rather at each step of the way throughout the
season. This is crucial because the presence of
imbalance may challenge the perception of fair-
ness when it occurs in any round of the season,
not just the end.

In addition to the seasonal matchday count de-
viation metric, Ddr, there is another form of de-
viation that the model calculates: deviation from
an ideal distribution of nine games from Friday to
Monday in any round. This metric is related to
the aforementioned distribution of matches that
are mathematically represented as e − f − g − h
where e denotes the number of games played in
one round on Friday, f on Saturday, g on Sunday,
and h on Monday. Let e∗−f∗−g∗−h∗ be an ideal
distribution from which our next metric measures
the deviation for each round of play. This devi-
ation metric is denoted by Vr and is computed
using the below formula:

Vr =

√√√√∑
d∈DS

(∑I
i=1 xird
2

− bd

)2
, (3)

where bd represents the ideal number of games on
day d, which should be determined by the feder-
ation based on team and broadcasting company
preferences. It should therefore be equal to:

bd =


e∗, if d = Fri.
f∗, if d = Sat.
g∗, if d = Sun.
h∗, if d = Mon.

In (3),
∑I

i=1 xird

2 represents the total number of
games on day d in round r. It is customary to
schedule one match on Friday, and one on Mon-
day (i.e., after setting e∗ = h∗ = 1) leaving the
rest of the meetings to take place on Saturdays
and Sundays. However the model that we pro-
pose in this paper can accommodate any pattern
of play in each round based on relative importance
of multiple deviations from ideal distribution in
the objective function. In comparison to the sea-
sonal matchday count deviation metric in (2), Vr

has a simpler functional form. Nevertheless, Vr

is essentially similar to many other deviation or
distance metrics widely available in the literature;
it is the square root of the sum of squared devi-
ations from the ideal number of games in each
day of the round. The main role of this metric
is not to establish fairness, though. Instead, it is
formulated to assign more games to weekends in
each round as preferred by all the stakeholders for
various reasons.

There are three parameters that represent the rel-
ative importance weights of deviations defined in
this section:

wd: weight assigned to deviation Ddr for each day
d ∈ DS = {Fri, Sat, Sun,Mon} in the objective
function, 1 ≤ r ≤ 34,

c1: weight for the weighted sum of the seasonal
matchday deviations, i.e.,

∑
d∈DS wd × Ddr, in

round r ∈ {1, ..., 34},
c2: weight assigned to deviation Vr.

One paper that we should highlight here for the
presence of a methodological similarity is the
study by [47]. As we mentioned in the previ-
ous section, inspired from the JIT’s mixed pro-
duction scheduling algorithm, our model gener-
ates a dynamically evolving matchday assignment
for each team keeping a close track of the fair
distribution of the available days for this pur-
pose. A similar fairness concern is also central
in the study by [47]. Their aim is to accom-
plish a fair assignment of referees by following
criteria such as keeping a relatively balanced load
of officiating throughout the season and setting
up each referee to serve in an equal number of
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games played by each participating team. How-
ever, they do not use similar deviation metrics in
their formulation, whereas the deviation functions
Ddr d ∈ DS = {Fri, Sat, Sun,Mon}, 1 ≤ r ≤ 34
and Vr are critical to the objective function in this
paper.

The idea of establishing fairness by setting up
each team to play an equal number of times on
a given matchday (from Friday to Monday) as
the season progresses is somewhat similar to the
balancedness concept introduced in [48] as well.
This concept requires for each team that the num-
ber of home and away games differ by at most
one. Later, it was extended by [49] to ensure that
in any round the difference between the number
of home games played by any two teams up to
that point in the schedule does not exceed a fixed
number g. Such a schedule is called g-ranking-
balanced. However, this concept is not directly
applicable to our study for two reasons. First and
foremost, they are not suitable for formulating the
fairness criteria which are also the main motiva-
tions of our paper. Second, they are not practical
for use in a multi-criteria analysis.

We state the entire problem formulation in the
next subsection.

3.2.2. Objective function and constraints

Using the above parameters and decision vari-
ables, we solve a nonlinear binary integer program
for r = 1, . . . , 34. Owing to Champions League,
European League, and Turkish Cup games be-
fore/after certain rounds, the constraints of the
program differ from one round to another. We
therefore provide the entire set of constraints for
one specific round for illustrative purposes (i.e.,
r = 7). The fixture for this round is provided
in Table 3. The games in this fixture were to
be scheduled between September 28 and October
1, Friday to Monday. Without loss of general-
ity, each team is assigned an arbitrary index 1
to 18. Specific constraints that should be con-
sidered are as follows: team 1 has a Champions

League game the following Wednesday (October
3), teams 8, 11, and 13 have Turkish cup games
on the Wednesday (September 26) before round 7,
and team 7 has a Turkish Cup game on Thursday
(September 27) which is also right before round
7.

The resulting nonlinear binary integer program
for round 7 is expressed as follows:

min c1×

(∑
d∈DS

wd×

√√√√ I∑
i=1

(xird+
r−1∑
k=1

xikd−r×ad)2

)

+c2×

√√√√∑
d∈DS

(∑I
i=1 xird
2

− bd

)2
(4)

subject to:

Feasibility constraints:

xi,7,F ri + xi,7,Sat + xi,7,Sun + xi,7,Mon = 1,

i = 1, . . . , I (5)

xi,7,Thu + xi,7,F ri + xi,7,Sat ≤ 1,

i = 1, . . . , I (6)

xi,7,Sun + xi,7,Mon + xi,7,Tue ≤ 1,

i = 1, . . . , I (7)

xi,7,Wed + xi,7,Thu + xi,7,F ri ≤ 1,

i = 1, . . . , I, i ̸= 1 (8)

xi,7,Mon + xi,7,Tue + xi,7,Wed ≤ 1,

i = 1, . . . , I, i ̸= 8, 11, 13 (9)

Assignment constraints:

Table 3. Games scheduled for round 7.

Game Home Team Away Team Home Team index Away Team index

1 Galatasaray Erzurum 1 17
2 Trabzon Kasımpaşa 4 14
3 Alanya Akhisar 9 18
4 Beşiktaş Kayseri 3 10
5 Sivas Bursa 12 16
6 Göztepe Konya 15 8
7 Çaykur Rize Fenerbahçe 11 6
8 Ankaragücü Antalya 13 7
9 Başakşehir Malatya 2 5
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x1,7,d − x17,7,d = 0, d ∈ DS (10)

x4,7,d − x14,7,d = 0, d ∈ DS (11)

x9,7,d − x18,7,d = 0, d ∈ DS (12)

x3,7,d − x10,7,d = 0, d ∈ DS (13)

x12,7,d − x16,7,d = 0, d ∈ DS (14)

x15,7,d − x8,7,d = 0, d ∈ DS (15)

x11,7,d − x6,7,d = 0, d ∈ DS (16)

x13,7,d − x7,7,d = 0, d ∈ DS (17)

x2,7,d − x5,7,d = 0, d ∈ DS (18)

Additional constraints:

x1,7,Wed = 1 (19)

x7,7,Thu = 1 (20)

x11,7,Wed = 1 (21)

x13,7,Wed = 1 (22)

x8,7,Wed = 1 (23)∑
d∈CD xi,7,d = 1,

i = 1, . . . , I, i ̸= {1, 7, 8, 11, 13} (24)

Note that the term
∑r−1

k=1 xikd appearing in Ddr

in (4) uses the data coming from the previous
rounds. To be more specific, this term constitutes
the optimal solutions of the previous rounds. Sim-
ilarly, the optimal solution of the current round
will be added to the data that will be input
into the mathematical models of the remaining
rounds. In this sense, the mathematical model
of each round is connected to each other through
this term.

Constraints 5 to 8 are all formulated for a sim-
ilar purpose: that each team will play only one
game between the days indicated by the decision
variables. Constraint 5 imposes this restriction
from Friday to Monday because each team has one
game to play in one round. Constraint 6 does the
same from Thursday to Saturday, Constraint 7
serves for a similar purpose from Sunday to Tues-
day, and finally Constraint 8 from Wednesday to
Friday all because of the minimum rest require-
ment between games. Constraint 8 excludes an
index value of 1 although x1,7,Wed = 1 because
team 1 is to play a Wednesday game after round
7 whereas 8 is imposed for teams that are sched-
uled to play a Wednesday game before round 7.
Constraint 9 ensures that each team except teams
8, 11, and 13 can have at most one game from
Monday to Wednesday. Exclusion of teams 8, 11,
and 13 in constraint 9 is for a similar reason why
team 1 index is excluded in constraint 8. In sum,
feasibility constraints should be amended in each

round to reflect the implications of the two-day
rest period between games.

Constraints 10 through 18 are assignment con-
straints created for each scheduled game (see Ta-
ble 3). For instance, Constraint 10 ensures that
for each day of Friday through Monday, if team
1 has a game, team 17 must also have a game on
the same day; similarly if team 1 does not have
a game on any of those days, team 17 must not
have a game on the same day, either.

Constraints 19 through 23 state that team 1 has
a game on Wednesday, team 7 has a game on
Thursday, and teams 8, 11, and 13 have games
on Wednesday. Note that these constraints are
required to make sure that information on the
Champions League and Turkish Cup fixture of
the associated teams are reflected to the model.
Finally, Constraint 24 ensures that each team ex-
cept teams 1, 7, 8, 11, and 13 will have only one
game from Wednesday to Tuesday.

As stated earlier, we solve the aforementioned
mathematical model for each round by slightly
revising its constraints, depending on what teams
have additional games right before/after the re-
spective round. The underlying nonlinear binary
integer program is solved by AMPL via its solver,
BARON. It takes less than a minute to solve our
model for a given round.

Our computational results are discussed in the
next section.

Table 4. Optimal and manual
matchday schedules for round 7.

Game Optimal Schedule Manual Schedule

1 Sunday Friday
2 Sunday Saturday
3 Saturday Saturday
4 Friday Saturday
5 Sunday Sunday
6 Saturday Sunday
7 Sunday Sunday
8 Monday Monday
9 Saturday Monday

4. Results

We compare the optimal matchday schedule ob-
tained by AMPL, BARON with the manual
schedule constructed by the TSL officials for the
2018-2019 soccer season of Turkey ( [45]). The
parameters of our models are set to the follow-
ing values: c1 = c2 = 1; wFri = 0.11, wSat =
0.33, wSun = 0.44, wMon = 0.11. Weights c1 and
c2 are the same indicating that both deviation
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Table 5. Seasonal matchday distribution of games for each team obtained by the manual schedule.

Team index Friday Saturday Sunday Monday

1 7 11 13 3
2 4 10 13 7
3 5 10 13 6
4 6 13 11 4
5 4 10 16 4
6 4 11 11 8
7 3 13 13 5
8 4 11 14 5
9 4 11 12 7
10 1 17 13 3
11 3 14 12 5
12 5 13 13 3
13 4 12 14 4
14 5 11 10 8
15 5 14 12 3
16 7 10 15 2
17 4 11 15 4
18 1 11 15 7

Table 6. Seasonal matchday distribution of games for each team obtained by the optimal schedule.

Team index Friday Saturday Sunday Monday

1 5 12 15 2
2 4 11 16 3
3 3 12 15 4
4 5 12 14 3
5 4 11 16 3
6 3 12 15 4
7 3 12 15 4
8 4 12 14 4
9 4 12 15 3
10 5 12 15 2
11 3 12 16 3
12 3 12 16 3
13 3 12 16 3
14 3 12 15 4
15 3 12 16 3
16 4 12 15 3
17 4 12 15 3
18 3 12 15 4

components of objective function are equally im-
portant. As indicated in the introduction, eco-
nomic and other concerns seem to support the
view that weekend games are relatively more
preferable and maybe more important. This is
why we choose our baseline values for seasonal
deviation metric weights for weekends (i.e., wSat,

wSun) to be greater than weights for the weekdays
(i.e., wFri, wMon).

Regarding the ideal distribution of matches, we
set e∗−f∗−g∗−h∗ = 1 - 3 - 4 - 1, and (s∗, t∗, u∗, v∗)
= (5, 12, 12, 5) for illustrative purposes and ob-
tain our results accordingly. Like in the case
of seasonal deviation metric weights, the relative
preferability of the weekend games by the stake-
holders is reflected to these ideal distributions.
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We begin with the comparison of the optimal
matchday schedule with the manual schedule for
round 7. As observed in Table 4, the optimal
schedule ensures the 1 - 3 - 4 - 1 pattern, whereas
the manual schedule does not do so, yielding the
pattern 1 - 3 - 3 - 2.

Table 7. Summary statistics for the
manual schedule in the entire season.

Matchday Std. Dev. Min. Max.

Friday 1.62 1 7
Saturday 1.85 10 17
Sunday 1.59 10 16
Monday 1.87 2 8

Table 8. Summary statistics for the
optimal schedule in the entire season.

Matchday Std. Dev. Min. Max.

Friday 0.77 3 5
Saturday 0.32 11 12
Sunday 0.65 14 16
Monday 0.65 2 4

Tables 5 and 7 show the day distribution of
games obtained by the manual schedule for the
entire season and the resulting summary statis-
tics for each day from Friday to Monday, respec-
tively. Similar statistics for the optimal solution
obtained by solving the underlying nonlinear bi-
nary integer programs successively for the entire
season are presented in Tables 6 and 8. Results
indicate that the optimal solution significantly
outperforms the manual schedule in terms of the
standard deviation of the matchday schedule for
Friday through Monday (see Tables 7 and 8). As
an example, while standard deviation obtained by
the manual schedule for Friday is 1.62, with min-
imum and maximum values being 1 and 7, stan-
dard deviation obtained by the optimal schedule
for the same day is 0.77, with minimum and maxi-
mum values being 3 and 5. Finally, average reduc-
tion in standard deviation over the manual sched-
ule over those four days is 65%.

Further, the optimal solution for each round re-
veals that the 1 - 3 - 4 - 1 pattern is ensured for
the entire season except a few rounds. The TFF
officials implement the 1 - 4 - 4 - 0 pattern in those
few rounds due to the need to provide enough rest
days for the teams with players who play in na-
tional games held right after those rounds. In
contrast, the manual schedule deviates from this
pattern in nearly half of the 34 rounds.

The seasonwide solution that we summarize in
this section can be potentially improved upon by

employing multi-round solutions based on grad-
ual information flow from other tournaments, or
comparing alternative solutions in earlier rounds
that could bring better solutions in future rounds
of the season. However, the dynamic approach we
present here is a good start in exploring schedules
that could mitigate the problems summarized in
the introduction.

Table 9. Summary statistics for the
optimal schedule (c2 = 0.2).

Matchday Std. Dev. Min. Max.

Friday 0.51 4 5
Saturday 0.46 12 13
Sunday 0.58 12 14
Monday 0.65 3 6

4.1. Sensitivity analysis

In order to observe the impact of weights, c1 and
c2, on the performance of the optimal solution,
we performed sensitivity analysis. As stated ear-
lier, the base-case values for c1 and c2 are set to
1 (note that c1 corresponds to seasonal deviation,
whereas c2 corresponds to round specific daily de-
viation). To explore the sensitivity of our results
to these weights, we adjusted their relative values
keeping the value of c1 at 1. In particular, we gen-
erated different cases by gradually decrementing
the value of c2. It turned out that the results do
not change when c2 is greater than 0.2 (i.e., the
seasonal matchday distribution of games for each
team remains the same). This implies that the
round specific daily deviation term of the objec-
tive function has more impact on the optimal so-
lution. In other words, the model provides robust
results even when we assign a significantly larger
weight to striking a reasonable seasonwide bal-
ance up to a point in which seasonal deviation is
at least five times more important than the round
specific deviation. One may attribute this behav-
ior to the partial compatibility of two deviation
metrics in the sense of taking ideal matchday dis-
tributions that assign a higher number of games
to weekends. As for the c2 = 0.2 case, the opti-
mal solution differs only slightly from the baseline
case optimal solution in terms of the matchday
distribution and the summary statistics for each
matchday (Fri. to Mon.; see Tables 9 and 10).

Furthermore, Table 11 presents optimal seasonal
and round specific daily deviations for each round
for the baseline case and the c2 = 0.2 case. Unsur-
prisingly, the baseline case optimal solution yields
better results in terms of round specific deviation,
whereas the c2 = 0.2 case is superior in terms of
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Table 10. The matchday distribution of games obtained by the optimal schedule (c2 = 0.2).

Team index Friday Saturday Sunday Monday

1 5 12 13 4
2 4 12 13 5
3 4 12 14 4
4 5 12 13 4
5 5 13 12 4
6 5 12 13 4
7 4 12 13 5
8 5 12 13 4
9 5 13 12 4
10 4 12 14 4
11 5 13 12 4
12 5 12 13 4
13 5 13 13 3
14 4 12 13 5
15 4 13 13 4
16 5 12 13 4
17 5 12 13 4
18 4 12 12 6

seasonal deviation. The sensitivity analyses also
revealed that decrementing c2 even further leads
to implausible results that cannot be implemented
in practice due to the concerns of TFF.

5. Conclusions

In this work, we discuss the sports scheduling
problem faced by the administrators of the Turk-
ish Super League (TSL). Given the scheduled
games for each round, the problem is to determine
a fair matchday schedule for each round in terms
of day distribution. We formulate our problem
as a nonlinear binary integer program and solve
the underlying problem optimally for each round.
Our results reveal that the implementation of the
optimal schedule can significantly improve the
manual schedule constructed by the TSL officials.
We observe that the results are largely robust in
the relative changes between the weights of two
major deviation metrics. They also illustrate the
significance of the round specific matchday dis-
tribution concerns against the need for seasonal
fairness.

Future research may consider measures such as
rest mismatch or breaks in addition to seasonal
or round specific day distribution. In this regard,
uncertain and dynamic natures of these problems
can be addressed using mathematical models from
the field of dynamic stochastic optimization (see
[50] and [51]). Additionally, it is worthwhile to

investigate cases with multi-round solutions ob-
tained as other tournaments progress or to incor-
porate uncertainty into such problems owing to
the fact that many games are rescheduled or can-
celed due to bad weather conditions in popular
soccer leagues.
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(Fenerbahçe consulted TFF) [online]. Avail-
able from: https://skor.sozcu.com.tr/

2016/12/30/fenerbahce-tffye-basvurdu

-maclara-cikmayiz-tepkisi-572320/amp

[Accessed 1 September 2021].
[2] Ajansspor (2017). Hafta içi tribünler dol-
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Fair referee assignments for professional foot-
ball leagues. Computers and Operations Re-
search, 35(9), 2937–2951.

[48] Knust, S., & von Thaden, M. (2006). Bal-
anced home-away assignments. Disrete Opti-
mization, 3(4), 354–365.

[49] Goossens, D.R., & Spieksma, F.C.R. (2012).
Soccer schedules in Europe: an overview.
Journal of Scheduling, 15, 641–651.

[50] Göçgün, Y. (2018). Dynamic Scheduling with
Cancellations: An Application to Chemother-
apy Appointment Booking. An International
Journal of Optimization and Control: Theo-
ries and Applications, 8(2), 161-169.
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